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History of the Fontan Procedure 
The Fontan procedure has two basic components. The 
systemic venous return must be connected to the pulmo- 
nary arteries and separated from the pulmonary venous 
return. In his original description of the procedure, 
Fontan suggested using a classic Glenn shunt anastomo- 
sis and a valved homograft to achieve the connection of 
systemic venous blood to the pulmonary arteries. How- 
ever, it soon became apparent that valves and conduits 
often failed early in children. Other anastomotic tech- 
niques since Fontan’s original description have in- 
cluded the Kreutzer technique in which the roof of the 
right atrium is anastomosed posteriorly to the undersur- 
face of the right pulmonary artery. The Bjork proce- 
dure was an anterior anastomosis of the right atrium to 
the right ventricular outflow tract. Both these proce- 
dures have various limitations such as risk of injury to 
the sinus node artery and compression of the atriopul- 
monary connection by the sternum. These problems led 
us and others to the concept of a double cavopulmonary 
anastomosis, which we first applied in February 1986. 
Not only did we find this to be a technically simpler and 
more easily reproducible procedure in various anatomi- 
cal situations, but it had the added advantage of 
complimenting the bidirectional Glenn shunt proce- 
dure. 
The original concept of the Fontan procedure was 
that it was important that the right atrium should 
contribute pulsatile assistance to forward pulmonary 
blood flow. Accordingly a method of partitioning the 
right atrium was developed in which the right atrium 
was made as large as possible (ie, by simply closing the 
atrial septa1 defect [ASD] in a patient with tricuspid 
atresia). A homograft valve was placed in the inferior 
vena cava (IVC) orifice. Subsequent experience with the 
Kawashima procedure confirmed the clinical impres- 
sion that pulsatile assistance was in fact not necessary to 
the success of the Fontan procedure. Furthermore early 
attempts to extend the Fontan principle to more com- 
plex anatomic situations than tricuspid atresia resulted 
in considerably higher mortality rates. In the case of 
hypoplastic left heart syndrome, it became apparent 
that this was at least in part related to problems with the 
baffle that was being constructed to partition systemic 
and pulmonary venous blood. In an attempt to make 
the right atrium as large as possible, there was a high 
incidence of the baffle bulging into the pulmonary 
venous pathway and causing pulmonary venous obstruc- 
tion. This led us to the concept of a lateral tunnel, 
initially specifically for our patients who had undergone 
a Norwood procedure. With this design, there was 
minimal risk that even with very high systemic venous 
pressure the pulmonary venous return would be ob- 
structed. 
Introduction of both the previously described anasto- 
motic and baffle modifications in 1986 and 1987 en- 
abled a more consistently reproducible procedure to be 
performed in the face of many anatomic variations 
requiring Fontan procedures. However, the mortality 
for the Fontan procedure for hypoplastic left heart 
syndrome remained quite high. This led us in 1988 to 
adopt the concept suggested by Lamberti and Marcelleti 
of an initial bidirectional Glenn shunt as a staging 
procedure before the completed Fontan. It was soon 
apparent that patients who had multiple risk factors 
and would have been very unlikely to have survived a 
Fontan procedure were not only able to tolerate a 
bidirectional Glenn shunt but had a short and uncompli- 
cated convalescence with an excellent functional result. 
Also the bidirectional Glenn could be performed as 
early as 3 or 4 months of age and eliminated the volume 
load of a shunt or band dependent circulation early in 
life. One year later, Bridges and Castaneda suggested 
another important modification to the Fontan, namely 
the creation of a fenestration in the baffle. This allows 
maintenance of cardiac output by a right to left shunt at 
atrial level even in the face of elevated pulmonary 
resistance. Once again it was soon apparent that high- 
risk candidates had a much more rapid convalescence 
with a significantly lower incidence of persistent pleural 
effusions. 
Indications for the Fenestrated 
Fontan Procedure 
Both the indications and optimal timing for the fenes- 
trated Fontan and bidirectional Glenn shunt remain 
poorly defined. These uncertainties have been ad- 
dressed in a previous commentary. The recommenda- 
tions made below will almost certainly evolve rapidly in 
the next few years. At present, however, our usual 
indications for a bidirectional Glenn shunt are a child 
between 3 and 9 months of age who has single ventricle 
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physiology and is either excessively blue or has an 
excessive volume load, usually resulting in signs of 
congestive heart failure. For the child who has an ideal 
balance of pulmonary and systemic blood flow, we 
generally wait until at least 9 to 10 months and then 
proceed to a one-stage fenestrated Fontan procedure. If 
a child presents for the first time beyond 9 to 10 months 
of age and has multiple risk factors for a Fontan 
procedure, we often perform a preliminary bidirec- 
tional Glenn shunt. The most important risk factors are 
a pulmonary vascular resistance of greater than 4 Wood 
units, atrial pressure or end diastolic pressure greater 
than 12 to 14 units, or important anatomic distortion of 
the pulmonary arteries. If there is distortion of the 
pulmonary arteries, it is addressed at the time of the 
bidirectional Glenn with an extensive pericardial patch 
arterioplasty. Other problems necessitating adjunctive 
surgery such as a restrictive bulboventricular foramen 
causing subaortic stenosis are also addressed in combi- 
nation with a bidirectional Glenn usually rather than at 
the time of the Fontan procedure. 
We currently believe that there are no indications for 
a Fontan procedure without a fenestration. We find 
that it is very difficult to predict which children will 
have complications with postoperative effusions or 
low-output states. Both these problems are very much 
less common with the fenestrated procedure. 
Particular Challenges With the Fenestrated 
Fontan 
Complex venous anatomy may necessitate modification 
of the usual lateral tunnel approach. Generally, it is 
possible to create a baffle tunnel which incorporates 
growth potential though this is not always the case. In 
certain circumstances, we use a complete conduit which 
can be routed either intracardiac or extracardiac. We 
are interested to follow the incidence of supraventricu- 
lar arrhythmias with the extracardiac approach be- 
cause this may prove to be an advantage. However, 
creating a satisfactory fenestration is more difficult and 
absence of growth potential is a serious disadvantage if 
the Fontan is to be performed reasonably early in life. 
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SURGICAL TECHNIQUE 
1 Working through a standard median sternotomy incision in which the thymus has been sub-totally resected. The Blalock 
shunt has been exposed as have the sites for cannuIation. A Bard arterial cannula (USCI; BilIerica, MA) is placed in the 
ascending aorta. A right angle metal tip Pacific0 cannula (DLP; Grand Rapids, MI) is placed in the left innominate vein. The tip 
of this cannula must be sufficiently small so that blood can flow around the cannula from the right innominate vein. I generally 
direct the tip of the cannula towards the patient’s left. The IVC will be cannulated with a straight RMI caval cannula (Research 
Medical Inc; Salt Lake City, UT). This cannula is initially placed in the right atrium, but following aortic cross-clamping, will be 
advanced into the inferior vena cava. Depending on the amount of left heart return, a left atrial vent cannula will be inserted 
into the left atrium through the right pulmonary veins. This figure shows the planned lines of incision for the Fontan procedure 
which will incorporate a double-cavopulmonary anastomosis and lateral cavopulmonary tunnel. The Blalock shunt will be 
taken down. The main pulmonary artery will be divided. 
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2 Immediately after commencing bypass, a ligature is tied around the right Blalock shunt. The ligamentum 
arteriosum is doubly suture ligated and divided. The right and left pulmonary artery are mobilized. At an 
esophageal temperature of 28"C, the ascending aorta is clamped and cardioplegic solution is infused into the root of 
the aorta. A clamp is applied across the superior vena cava (SVC) just below the junction of the right and left 
innominate vein. The IVC cannula is advanced into the cava and the tourniquet is tightened. 
The main pulmonary artery is divided. The pulmonary valve leaflets are exicsed and the stump of the pulmonary 
artery is oversewn, taking care to avoid nearby coronary arteries. 
The Blalock shunt is taken down and the resulting right pulmonary arteriotomy is extended somewhat. The SVC 
is divided as indicated in Figure 1. The cephalic end of the divided SVC is anastomosed to the right pulmonary 
arteriotomy using continuous 5-0 or 6-0 Maxon suture. 
The right atrium is opened with the incision shown in Figure 1. If necessary, an  atrial septectomy is performed. 
The second cavopulmonary anastomosis is fashioned between the distal divided main pulmonary artery and the 
cardiac end of the divided SVC once again using continuous 5-0 or 6-0 Maxon suture. A sucker can he passed 
through the SVC for Mood returning through the pulmonary arteries. Cardioplegia infusion is repeated every 20 to 
25 minutes. 
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3 In the situation of an important right pulmonary artery stenosis, this area can be completely excised and the pulmonary 
artery anastomosed to the sides of the cava as illustrated. This procedure is more appropriate in the setting of absent main 
pulmonary artery. 
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4 The lateral tunnel is now constructed using a patch of PTFE. The tunnel should be just slightly larger than the 
IVC and should not be so large that it could obstruct the pulmonary venous pathway, particularly the right 
pulmonary veins. The baffle is sutured into the right atrium using continuous prolene suture. 
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5 
posterior cut edge of the right atrial free wall. 
The anterior edge of the baffle is sewn to the 
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6 At the superior end of the baffle suture line, it is important to make sure that there are no atrial 
trabeculations present within the baffle that may allow for decompression of the systemic venous chamber into 
the pulmonary venous chamber. A fenestration is punched in the midpoint of the baffle where it can be 
adequately accessed by catheter for later closure if necessary and where it will be clear of any atrial tissue 
which might interfere with fenestration blood flow. 
The procedure is completed by a simple direct suture closure of the original right atriotomy. 
Rewarming is commenced, the left atrial vent is turned off, and the left heart is allowed to fill with blood. 
Air is carefully excluded, venting it through the untied suture of the atrial suture line as well as through the 
cardioplegia site in the aortic root. The atrial suture is tied and the aortic cross clamp is released. The atrial 
vent is turned back on slowly to keep the heart decompressed until adequate cardiac action is regained. 
During warming, the left atrial vent is replaced with a monitoring catheter through the same site. Two atrial 
pacing wires and one ventricular pacing wire are routinely placed. When the patient is close to normothermia, 
the left innominate vein cannula is removed and a monitoring catheter is temporarily placed in this site. After 
weaning from bypass, generally with a low-dose dopamine infusion at 5 mcg/kg/min, the monitoring catheter is 
moved from the SVC site to the IVC cannulation site. This gives a sense as to the relative pressures above and 
below the baffle. There should be no difference. 
Heparin is reversed with protarnine. It is important to avoid aggressive use of component therapy because 
this can result in fenestration thrombosis. The use of aprotinin and antifhrinolytics is generally not 
recommended because this too will increase the risk of fenestration thrombosis. 
Chest tubes are routinely placed in both pleural cavities even if neither cavity has been entered during the 
procedure. A separate mediastinal chest tube is placed. The chest is closed in the routine fashion with 
interrupted stainless steel wires to the sternum with subcutaneous and subcuticular Vicryl completing wound 
closure. 
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COMMENTS 
Fenestration Size 
The size of the fenestration surprisingly is not critical. 
Presumably, feedback mechanisms responsible for de- 
compression of the right atrium account for this. In 
general, a fenestration which is 4 mm in diameter is 
appropriate for children weighing between 8 to approxi- 
mately 20 kg. In children weighing more than 20 kg, the 
fenestration should be 4 to 5 mm in diameter; children 
weighing less than 8 kg should have a fenestration 
smaller than 4 mm in diameter. Fenestrations smaller 
than 4 mm in diameter have a greater risk of thrombos- 
ing. Antifibrinolytic agents and aprotinin should be 
avoided to reduce the risk of fenestration thrombosis. If 
a fenestration thrombosis occurs with any size fenestra- 
tion, it may be reopened by passage of a balloon 
angioplasty catheter. A balloon angioplasty catheter 
also can be used to enlarge a fenestration which is felt 
not to be sufficiently large. The natural history of 
fenestrations is for them to gradually decrease in size 
over time so that even if a child's oxygen saturation is 
less than ideal, for example, less than 80% to 85% in 
the early postoperative period, it can be anticipated 
that there will be a gradual increase in oxygen satura- 
tion as the fenestration decreases in size. 
Fenestrated Fontan Procedure: 
Postoperative Care 
Monitoring catheters should be placed in the systemic 
venous atrium and pulmonary venous atrium. If an 
adequate sized fenestration has been placed and has not 
thrombosed, it is unusual for there to be more than a 6 
to 7 mm pressure difference between systemic and 
pulmonary venous atrium. Arterial oxygen saturation 
should generally be in the range of 85% to go%, though 
in a smaller child (approximately 8 kg) with a 4-mm 
fenestration, it is not surprising for the arterial oxygen 
saturation to be approximately 80%. Management in 
the intensive care unit is routine. A low-dose dopamine 
infusion (3 to 5 mcg/kg/min) is often used with some 
afterload reduction, for example, with amrinone at 5 to 
10 mcg/kg/min. The child is gradually weaned from 
ventilatory support when it is clear that bleeding is not a 
problem. Extubation is often possible within 12 hours of 
the procedure. Low cardiac output should stimulate 
aggressive investigation for an anatomic problem such 
as anastomotic obstruction. Because of the technical 
ease of the procedure, however, this is extremely rare. 
In contrast, our previous experience with other tech- 
niques (posterior atriopulmonary anastomosis, oblique 
baffle directing pulmonary venous blood to tricuspid 
valve) were often complicated by gradients of several 
millimeters which can be hemodynamically important 
in a low cardiac output state. 
Chest tubes are generally not removed on the first 
postoperative day because it is common for serous 
pleural effusions to drain for 3 or 4 days. However, it is 
unusual (less than 10%) for patients to drain pleural 
effusions for more than 1 week. Some form of anticoagu- 
lation is recommended for all patients because of the 
ongoing risk of thromboembolism' with or without a 
fenestration present. In patients who have a marginal 
cardiac output because of risk factors such as hypoplas- 
tic pulmonary arteries or a hypertrophied noncompli- 
ant ventricle, coumadin anticoagulation is recom- 
mended. However, for patients who are soon mobile 
and appear to have excellent cardiac output, one baby 
aspirin daily may be adequate anticoagulation. 
Fenestration Closure 
At least 30% to 50% of fenestrations close over a 1- to 
2-year time frame. If there is excessive cyanosis (ie, an 
arterial oxygen saturation that is persistently less than 
75% to 80%) fenestration closure can be achieved in the 
catheterization laboratory using a clamshell device. If 
the fenestration is still open after 1 to 2 years, elective 
closure can be contemplated, though the hemodynamic 
characteristics which should be achieved at the time of 
temporary balloon occlusion and which should indicate 
permanent closure remain poorly defined. 
Results 
The Fontan operation is presently one of the most 
common operations undertaken at Children's Hospital 
in Boston. Our experience with this operation has been 
analyzed in detail in several At pre- 
sent, the anticipated early mortality is 3% to 4% with a 
less than 10% incidence of pleural effusions persisting 
greater than 1 week. More persistent pleural effusions 
are frequently related to nonremediable structural 
problems with the Fontan connections or ventricular 
hypertrophy or pulmonary vascular disease. 
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